The occurrence of proteinuria and the repeated demonstration of depression of filtration rate and renal plasma flow in toxemia of pregnancy are evidence that there is impairment of renal function. Structural abnormalities are not demonstrable in pre-eclampsia although when the stage of eclampsia supervenes morphologic abnormalities are occasionally detectable (1, 2). The invariable presence of edema attests to the fact that the functional lesion involves the mechanism of excretion of water and solutes.
The occurrence of proteinuria and the repeated demonstration of depression of filtration rate and renal plasma flow in toxemia of pregnancy are evidence that there is impairment of renal function. Structural abnormalities are not demonstrable in pre-eclampsia although when the stage of eclampsia supervenes morphologic abnormalities are occasionally detectable (1, 2) . The invariable presence of edema attests to the fact that the functional lesion involves the mechanism of excretion of water and solutes.
Attempts to define the mechanism of retention of fluid in toxemia of pregnancy have been directed mainly at the hormonal balance of toxemic subjects (3) . Investigations focused specifically on the renal mechanism of water and electrolyte excretion and carried out under standard and reproducible conditions have not been reported.
The present investigation was undertaken to apply some of the recently acquired knowledge of the relationship between excretion of water and solutes under the specific conditions of osmotic diuresis in hydropenia to patients with toxemia of pregnancy. The relationship between excreted loads of electrolytes and other urinary constituents, on the one hand, and water on the other, is predictable and reproducible in normal pregnant and non-pregnant subjects studied with this technique (4) (5) (6) . It has been observed that the amount of water excreted under these conditions is determined solely by the osmotic pressure of the excreted solutes, that the concentrations of sodium and chloride in the urine are remarkably constant and independent of the rate of urine flow, and that the rates of excretion of sodium and 'This investigation was supported (in part) by research grants from the National Heart Institute, the National Institutes of Health, Public Health Service.
chloride are directly proportional to the rate of excretion of the total load of solutes. It was thought that if the technique of osmotic diuresis in hydropenia were applied to cases of toxemia of pregnancy, deviations from the normal pattern might be observed and that these deviations might shed additional light on the nature of the renal defect and the mechanism of edema formation in this disease.
In contrast to the paucity of reports on the renal handling of electrolytes in toxemia, the renal circulation in this disease has undergone much study (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) . Most of the investigations were carried out after the initiation of therapy, and many either postpartum or after the acute phase of illness had subsided and edema and proteinuria were no longer present. The lack of uniformity of basal conditions in different studies probably accounts for some of the difference of opinion concerning the degree of impairment of renal hemodynamics. Accordingly, the present studies were planned with a view to measuring renal hemodynamics in the acute phase of the illness without the introduction of complicating factors such as therapy or delivery.
The studies were extended to include also cases of essential hypertension in patients in the last trimester of pregnancy. It was thought of interest to apply the aforementioned techniques to cases of this syndrome which resembles to a certain extent the syndrome of toxemia of pregnancy.
MATERIAL AND METHODS
Eight patients with pre-eclampsia, 2 with eclampsia and 4 with essential hypertension associated with pregnancy, were studied. The diagnosis of pre-eclampsia was based on the presence of hypertension, edema and proteinuria after the 24th week of gestation, together with the absence of a history of hypertension prior to pregnancy, and the return of the blood pressure to normal levels following delivery. The diagnosis of eclampsia was made when these findings were associated with convulsions and coma. One eclamptic patient (R. K.) had underlying hydronephrosis of the right kidney which required nephrectomy two months after delivery. The four hypertensive patients had persistent hypertension prior to pregnancy. Hypertension was also observed in the early part of pregnancy and was not aggravated during the last trimester. Clinical data on the patients studied are given in Table I . All patients were kept at bed rest from the time of admission until completion of the loading procedure. None of the patients was in labor at the time of study.
Since an attempt was made to investigate their renal function in the acute stage, the patients with pre-eclampsia and essential hypertension received no specific therapy prior to the procedure. The majority underwent the study within 24 hours of admission to the hospital. There was no evidence that any of the patients was experiencing spontaneous diuresis prior to the procedure.
The two eclamptic patients received, on admission, doses of veratrum and magnesium sulfate sufficient to control convulsions and ameliorate their symptoms. After convulsions had been controlled, treatment was temporarily discontinued, and the blood pressure was allowed to return to previous hypertensive levels. In both patients the hypertension, edema and proteinuria were still present during the study.
Osmotic diuresis was induced in hydropenia by administration of hypertonic mannitol solution according to the method previously described (6) . Urine was collected during the "resting state" and over two or more periods of 10 to 15 minutes following induction of diuresis. Samples of blood were drawn close to the midpoint of each period. Urine and blood were analyzed for their content of mannitol, para-aminohippurate (PAH), sodium, chloride and potassium according to methods in routine use in these laboratories (4) . Effective osmotic activity of the urine was determined by measurement of the freezing point depression.
14- Figure 2 is a plot of Na loss vs. excreted load. The symbols are the same as in Figure 1 . Once more the regression line, plus and minus one and two standard errors of the estimate for the normotensive pregnant patients has been included as well as the regression line calculated from the data of Brodsky (5) Tables IV, V, and VI present data obtained from three patients, one with eclampsia, one with pre-eclampsia, and one with essential hypertension. Each of the 3 cases is representative of the groups studied. In Table V it will be seen that 3,891 during the study there was a rise in the systolic blood pressure without a significant change in the diastolic blood pressure. It seems unlikely that this rise in blood pressure was due to intravenous injection of mannitol since increase of comparable magnitude did not occur in other patients studied.
DISCUSSION
Of particular interest is the failure to demonstrate in toxemia of pregnancy a consistent abnormality in the renal handling of sodium and chloride during osmotic diuresis with a nonelectrolyte. During mannitol diuresis induced in the hydropenic state in normal individuals the concentrations of sodium and chloride in the urine are relatively constant irrespective of the rate of urine flow (5, 21) . The constancy of concentration is thought to reflect the maximum concentration difference which the proximal tubule is capable of achieving between plasma and tubular fluid. However, the concentration difference may be altered by varying the physiological conditions of the experiment, such as loading with sodium salts of various inorganic acids (22) , section of the splanchnic nerve (23) , or infusion of epinephrine (24) . Tarail (25) induced osmotic diuresis in patients with edema of congestive heart failure and cirrhosis of the liver, and demonstrated that the losses of Na per unit of excreted glucose were considerably smaller than the losses which occurred in the same patients during recovery from the edematous state. Recalculation of their data showed that the difference in Na concentration between proximal tubular fluid and plasma was considerably greater while edema was present than was observed in the same subjects when free of edema. The reason for the lack of agreement between their observations and those presented here are not apparent. It may be that the mechanism of edema formation varies with differing underlying etiological factors or that the patients studied by Tarail and his associates (25) , and these reported here, were in different stages of edema formation. The absence of a defect in the concentrating mechanism for sodium in toxemia of pregnancy does not absolve the kidneys from being at fault in the accumulation of edema-rather it indicates that the retention of sodium and chloride is not associated with the ability of the proximal nephron to abstract these ions from the proximal tubular fluid against a greater concentration difference than that which is achieved in normal subjects.
It is not possible to determine with absolute certainty whether deviation from the normal relationship between flow and load observed in the edematous toxemic subjects was due to a concentration defect or to the greater availability of water for excretion. The patients with essential hypertension were no more edematous than their counterparts with normal blood pressure, so it seems unlikely that the larger volume of water excreted by them could be attributed to the availability of excessive quantities of water. In the cases of toxemia, on the other hand, marked edema was usually present and it is conceivable that edema fluid was available to the kidneys for excretion with the consequence that significant deviations from the normal flow-load relationship occurred. However, since some patients with marked edema showed no deviation from the normal response there is no reason to believe that the mere presence of edema results in the availability of additional water for excretion. Reference to Tables IV and V , which present data obtained in studies on edematous patients, reveals that in neither of these subjects was there any abnormality in the water conservation mechanism. On the other hand, it is possible that additional water is available for excretion only during spontaneous diuresis. As has been pointed out above, all patients were studied as soon after admission as possible and it is probable that none was experiencing spontaneous diuresis during the loading procedure. We believe, therefore, that the abnormality in flow-load relationship is indicative of a concentration defect in these subjects.
Studies of renal hemodynamics in toxemia of pregnancy have indicated that in the majority of cases glomerular filtration rate is depressed (8) (9) (10) (11) (12) (13) (14) (15) (16) . It was pointed out, however, that most of these investigations were carried out after treatment had been instituted and many after the acute phase of illness had subsided. The present data, obtained before institution of specific therapy in all but two instances, are in general agreement with the above studies. Renal blood flow has been found by some investigators to be normal or only slightly depressed in the majority of cases (8, 10, 17, 18) , and by others to be more markedly de-pressed (9, 11, 15, 16 ). The present study shows that in the acute state the mean values for renal plasma flow in toxemic subjects is reduced when compared with normal pregnant subjects in a comparable stage of gestation, but the reduction is less significant than is the reduction of filtration rate.
Reports of renal hemodynamics in cases of essential hypertension in pregnancy are less numerous. It has been found that renal plasma flow is reduced without much alteration in glomerular filtration rate (8, 16) . In the present study the values for both renal plasma flow and glomerular filtration rate were significantly depressed in comparison with the figures for the normal pregnant patients. The depression was more marked in renal plasma flow than in glomerular filtration rate.
Calculation of renal vascular resistances using the formulae of Gomez (20) is based on the assumption that glomerular membrane permeability is not impaired. It has been claimed by Bell (26) that in eclampsia there may be an increase in the thickness of the glomerular basement membrane. Sheehan (1) and others (2) believe that this pathologic change does not occur in pre-eclampsia and is rarely encountered in eclampsia. Thus it is probable that the values assumed for the gross permeability coefficient in all cases, with the possible exception of the two with eclampsia, are correct. Another source of error in calculation of renal resistance is the presence of proteinuria. However, if it is assumed that all protein in the urine is filtered at the glomerulus, simple calculation shows that with the usual amount of protein lost in the urine in toxemia or essential hypertension (1 to 4 grams per 24 hours) the concentration of protein in the glomerular filtrate does not exceed 20 mgm. per 100 cc. The oncotic pressure and change in viscosity exerted by this minute amount of protein is negligibly small and probably introduces no major error in the calculation of the distribution of resistance to blood flow in the kidney. Finally venous pressure has been shown to be normal in toxemia (27) so that the assignment of the usual value to Pv. in Gomez' formula probably introduces no error. The calculations presented in this report indicate that in toxemia and essential hypertension associated with pregnancy the major resistance to the flow of blood is in the afferent segment. Kenney (15) arrived at similar conclusions although his methods were different from those presented here. The values obtained here in cases of essential hypertension in pregnancy are in agreement with the data of Gomez (20) who found that the major site of increased resistance in non-pregnant subjects with essential hypertension was in the afferent segment.
SUMMARY AND CONCLUSIONS 1. A study of excretion of electrolytes and water and renal hemodynamics during osmotic diuresis with mannitol in hydropenia was carried out on 8 patients with pre-eclampsia, 2 with eclampsia and 4 with essential hypertension associated with pregnancy.
2. It was not possible to demonstrate any abnormality in the renal handling of Na and Cl in cases of abnormal pregnancy.
3. Impairment of conservation of water per unit of excreted solute load was present in several cases of hypertension and toxemia.
4. Renal plasma flow (PAH clearance) and glomerular filtration rate (mannitol clearance) were reduced as compared to values obtained on normal subjects in the same stage of pregnancy.
5. Renal vascular resistance was increased in the abnormal cases mainly as a result of increase of the afferent segment resistance.
